The prevalence of aneurysms is estimated to be 2.3% (1.7, 3.1) in adults without specific risk factors for subarachnoid hemorrhage (based on the current available data) \[[@B1][@B2]\]. The overall rupture rate of cerebral aneurysms varies from 0.5% to 1.3% per year \[[@B1][@B2][@B3][@B4]\]. Many studies showed that the natural course of unruptured intracranial aneurysms (UIAs) varies according to the location, size and shape of the aneurysm. Risk factors such as clinical symptoms, hypertension, multiplicity and family history of cerebrovascular disease should be considered in the management of patients with UIAs \[[@B1][@B3][@B5][@B6]\].

With the development of non-invasive imaging technology such as MRA and CTA and increased concerns on the health-care of population aging, the incidence of detecting UIAs is expected to increase \[[@B1][@B7][@B8]\]. The awareness of having an UIA often exerts a significant psychological burden because of the fear of aneurysmal rupture, which may impaire the quality of life (QOL) in addition to the theoretical risks \[[@B9][@B10][@B11][@B12]\]. Endovascular coiling of UIAs was associated with apparently decreased morbidity and similar or lower mortality compared with surgical clipping \[[@B13][@B14][@B15]\].

Our previous study showed that same-day care management of outpatients who underwent neuroangiography and neurointervention for various neurovascular diseases provided a shorter admission process and duration on an outpatient basis \[[@B16]\]. In this report, we present the process, outcome and duration of hospital stay for the management of UIAs via the Neurointervention Clinic over the past four years.

MATERIALS AND METHODS
=====================

The local institutional review board approved this retrospective study, and patients provided a written informed consent for the procedure. We def ined outpatient day-care management as a clinical process where the patients get a procedure on the day of admission and are subsequently get discharged on the same day for the diagnosis or on the following day for the neurointervention, which is generally performed under general anesthesia ([Fig. 1](#F1){ref-type="fig"}). We analyzed 412 UIAs in 345 patients who were referred to the Neurointervention Clinic of the Asan Medical Center due to known cerebral aneurysms and underwent cerebral angiography or neurointervention during the recent four years between January 1, 2011 and December 31, 2014. We excluded the patients who have aneurysms associated with other cerebrovascular diseases or patients with aneurysms in the head and neck or spine. We also assessed the results of cerebral angiography including serious complications which required additional management or emergency surgery and the process of the patients, and outcome.

Admission for Cerebral angiography
----------------------------------

After the decision was made for patients with UIAs to undergo a cerebral angiography in the outpatient clinic, they underwent pre-admission study (chest PA, Electrocardiography (ECG), blood test, urine analysis) and attended the neuroangio-suite in the morning of the reserved day. Oral intake (breakfast) was prohibited for about two hours before the procedure. After a short period of post-procedural observation (4 to 6h), the majority of patients who have been performed uncomplicated cerebral angiography were discharged on the same day.

The angiography was performed via a transfemoral or transradial approach by an insertion of a 4F sheath. Both the internal carotid arteriograms and the dominant or ipsilateral (lesion side) vertebral arteriogram were performed using a 4F angiocatheter. These angiographic procedures were identifical to what would have been done as an inpatient procedure. After the procedure, manual compression of the puncture site was applied using Apad hemostasis device (T & L, Seoul, Korea) which was designed to promote bleeding control.

Neurointerventional procedure
-----------------------------

The preparation before the procedure was the same as that for cerebral angiography except that general anesthesia was used. A 6-7F guiding catheter was introduced into the cervical distal of targeted internal carotid artery or vertebral artery. A microcatheter was navigated in roadmap through the guiding catheter into the targeted artery. Neuroform stent (Boston Scientific Corp, Fremont, CA) or Enterprise stent (Codman Neurovascular, Miami, FL) was used in patients who were performed stent-assisted coiling. The patients received clopidogrel 75 mg daily at least 4 days before the procedure and continued for 3-6 months, and aspirin 100 mg daily for a year. All endovascular procedures were performed with patients under systemic heparinization with a range of 200-250 seconds of activated clotting time. During the procedure, the patient\'s vital signs were monitored by the arterial line via the radial artery. After the procedure, each patient was sent to the intensive care unit (ICU). From the ICU all patients were discharged or transferred to another department if further management or procedure was required.

Analysis of the data
--------------------

We assessed the patient after angiography on whether there was any aneurysm corresponding to MRA or CTA. Treatment options were discussed with the patients and their family with an explanation of the natural risk of the aneurysm. Post-procedural events were recorded as having minor or major strokes. Minor stroke was defined as a new, nondisabling neurologic deficit or as an increase in the National Institutes of Health Stroke Scale (NIHSS) by 3 (points), but which completely resolved within 30 days \[[@B17][@B18]\].

RESULTS
=======

There were 403 aneurysms in 345 patients who underwent cerebral angiography and neurointervention at our institution between January 1, 2011 and December 31, 2014. Male to female ratio was 3:7. Patient age ranged from 26 to 81 (mean 56). There were 141 (41%) diagnostic catheter angiographies, 202 neurointerventional procedures (59%) and 2 (0.6%) neurointerventional procedures followed by operation. Angiographic results showed a single aneurysm (n=283, 82%) or multiple aneurysms (n=62, 18%). No aneurysm was found in 58 patients who were reported as having an aneurysm in MRA or CTA. Among 345 patients with aneurysms, coiling was performed in 202 patients (59%), surgical clipping in 14 (4%), coiling followed by clipping in 2 (0.6%) and cerebral angiography follow up in 127 (37%).

Of these aneurysms, the maximum diameter of 154 aneurysms was ≤ 4 mm, 166 aneurysms had diameters of 4-10 mm, 19 aneurysms had diameters greater than 10 mm ([Table 1](#T1){ref-type="table"}). There were 3 giant thrombosed or fusiform aneurysms, 2 recurred aneurysms and 1 dissecting aneurysm whose sizes were not measurable. The mean hospital stay for neurointervention was 2.1 days. In the follow-up, there were recurrent aneurysms in 9 patients who underwent 2 procedures without further event. There were no serious complications after angiography which required additional management or emergency surgery. After neurointerventional procedures, there were 4 (2%) adverse events including 3 minor and 1 major ischemic strokes.

DISCUSSION
==========

Our study revealed that day-care management of UIAs resulted in 2% adverse events and 4.5% recurrence that required additional coil embolization without further event. Outcome of outpatient neurointervention of UIAs in this study was comparable to other studies regarding endovascular treatment for inpatients with UIAs \[[@B15][@B19][@B20][@B21]\] ([Table 2](#T2){ref-type="table"}). The mean duration of hospital stay for neurointervention procedures for patients with UIAs was 2.1 days which were much shorter than those in a study performed by the National Evidence-based Healthcare Collaborating Agency (22 days for surgical clipping and 12 days for neurointerventional coiling) \[[@B16]\]. In one study of patient with ruptured and unruptured aneurysms, neurointerventional coiling, compared with surgical clipping, was associated a shorter length of hospitalization, but higher hospital cost \[[@B22]\]. In another study, coiling compared to clipping was associated with a signif icantly shorter hospital stay and lower total hospital charges \[[@B23]\]. In addition to reducing the hospitalization period and total hospital charges by using a neurointerventional procedure compared to surgery, our study demonstrated the possibility that day-care neurointerventional coiling can be used to treat UIAs.

The advantage of day-care procedures was rapid admission process on an outpatient basis. The simplification of the admission process can be achieved by close communication in the outpatient clinics by admitting to an intermediary care unit in the angiosuite. In addition, the diagnosis of an aneurysm was promptly made after a neuroangiography. After 6 hours of admission, patients who underwent uncomplicated cerebral angiography was be discharged on the same day \[[@B16]\]. Aneurysms considered as having relatively higher risks for rupture were scheduled after discussion with patients and their family for subsequent management.

Although in our study there were no reported significant adverse events after cerebral angiography and 4 strokes (2%) after neurointerventional procedures, there was a higher complication rate as 25% in which some patients require further treatment \[[@B24]\]. Therefore, improvement of procedural outcome as well as management process might affect difference in adverse events even though study population was different among the studies.

There were some limitations to our study. Firstly, we did not perform a comparative study with surgical clipping for the same category of the patients even though outcome of endovascular therapy was known to be better. Secondly, cost evaluation or comparison with surgical clipping was not performed. Reimbursement by insurance for surgery is higher than that of endovascular treatment in Korea. Further study is required for exact comparisons.

CONCLUSION
==========

Our study reported our experience of day-care management of unruptured intracranial aneurysms. It could provide rapid patient flow in the hospital, shorten hospital stay and obtain better outcome, and is expected to reduce hospital costs Furthermore, the availability of such outpatient management can contribute to meet higher standard of medical need of a large volume of patients with UIAs.

![Process diagram of patient flow. Comparison between outpatient daycare and referred procedures. Preadmission study = chest PA, Electrocardiography (ECG), blood test and urine analysis; ★ = consultation for neurointervention; ◇ = Pre-admission study; ⬜ = Admission status](ni-11-37-g001){#F1}

###### Location and Proportion of 345 Patients with Aneurysms

![](ni-11-37-i001)

  Location                 Numbers (%)   Aneurysm Mean Size (mm)
  ------------------------ ------------- -------------------------
  Paraclinoid              118 (35%)     4.5
  A-com & others           63 (19%)      5.2
  M1 bifur & others        56 (17%)      4.9
  P-com                    39 (12%)      4.5
  Terminal ICA             21 (6%)       4.1
  Basilar tip & trunk      15 (4%)       5.8
  VA & VBJ                 11 (3%)       7.4
  Cavernous ICA & others   10 (3%)       9.6
  AchoA                    6 (2%)        4.2
  Total                    339 (100%)    5.0

Sizes of six aneurysms (3 giant thrombosed or fusiform, 2 recurred and 1 dissecting) were not measurable. A-com = the anterior communicating artery, bifur = bifurcation, ICA = the internal carotid artery, VA = the vertebral artery, VBJ = the vertebra-basilar junction, AchA = the anterior choroidal artery

###### Morbidity and Mortality between Surgical Clipping and Endovascular Coiling of UIAs in Different Studies
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  Studies                    Mortality   Morbidity   Total M&M   Total Patient No.
  -------------------------- ----------- ----------- ----------- -------------------
  McDonald, et al (2013)     0.5/0.7     4.1/17.0    4.6/17.7    3551/1388
  Lawson, et al (2013)       2.2/2.7     2.2/4.8     4.3/7.4     6611/7439
  Hwang, et al (2012)        0.6/0.8     5.7/12.4    6.3/13.2    6879/24986
  BBrinjikji, et al (2011)   0.6/1.2     4.9/14.0    5.5/15.2    34125/29918
  ISUIA (2003)               1.8/1.5     7.3/11.7    9.1/13.2    451/1917
  Our study ^\*^             0           2           2           202

^\*^ = clipping was not compared.
